Battery operated laryngoscopes have two types of switching, one of which could cause an external spark. Laryngoscopes normally supply 2.8 volts and 0.67 amps, which theoretically gives ample energy for ignition of a cyclopropane/oxygen mixture. Attempts were unsuccessful to ignite a stoichiometric mixture of 17% cyclopropane in oxygen by breaking resistive circuits having up to 5.8 volts and 9.2 amps. It appears extremely unlikely that the common battery-powered laryngoscope can ignite a flammable mixture by sparking when being switched off
the handle. Electrical connection to the light bulb was made by a fixed contact in the blade pressing on a spring-loaded plunger in the handle. The circuit was completed by the metal blade and the metal handle providing the return circuit. A spark lasting only 0.1 msec. would have therefore 0.2 millijoules energy, well above the minimum for ignition.
Two designs of switching were found (Figure 1). One type broke the electrical circuit between the blade contact and the spring-loaded plunger. This is termed external switching. The other design allowed the plunger in the handle to move with the blade contact until the battery connection with the plunger within the handle was broken. This is termed internal switching.
The internal switching within a metal case reduces the possibility of ignition for two reasons. First, the possibility of an explosive mixture diffusing into the case is very small. Second, even if ignition should take place within the case, it will not be propagated to the outside, since the cooling and chain deactivating effect of the metal wall would prevent it. The principle of a metal surface reducing the temperature and also absorbing chemically active radicals has been used for many years in the Davy miner's safety lamp, which has a metal gauze surrounding the flame, to prevent explosion. a FIGURE 1.-Diagrams of the switching mechanisms in the handle of the MacIntosh pattern laryngoscope. In a) the pin touching the base of the blade is held up by a spring which acts as part of the electrical circuit. The spring sits on a metal cap which contacts the battery and completes the circuit. The current path is broken by the pin separating from the base of the laryngoscope blade (external switching). In b) the pin remains in contact with the base of the blade. When the blade is opened the pin is pushed down to touch the battery terminal. When the blade is folded the current pathway is broken inside between the battery and the pin (internal switching). In this design, the pin is usually in two parts internally sprung, but this has not been shown for reasons of simplicity.
The external switching laryngoscopes could be a source of ignition and therefore a series of tests were done to determine the level of current required to ignite an explosive mixture of cyclopropane/ oxygen. METHOD A brass cylinder 8 cm in diameter of 0.813 I capacity was filled with cyclopropane/oxygen mixture. The gas mixture was admitted at the base of the cylinder through a small gas tap and the cylinder was purged before the top was capped with a thin plastic film. Mixing was done with an old Boyle's machine with 6 inch rotameters. Both oxygen and cyclopropane rotameters were calibrated against an air rotameter using a density correction for the gases. Mixtures from 5 to 40070 cyclopropane Anaesthesia and Intensive Care, Vol. IX, No, 2, May, 1981 were tested using a 'glow plug' ignition in the base of the cylinder. A pair of contacts ( Figure  2 ) were placed across the cylinder 6 cm from the top. One contact was spring-loaded but fixed, and the second contact was spring-loaded with a release pin. The withdrawal velocity of the second contact varied with the loading tension of the spring and was variable from 375 mm/sec to 1708 mm/sec as measured electronically between two brass contacts 15 mm apart. For the simulation of a break-spark with a laryngoscope, a break velocity of 720 mm/sec was chosen. Contact breaks between brass and brass, soft solder and brass, and soft A B solder and stainless steel were tested. DC current was supplied from a BWD dual power supply rated at 70 volts 10 amps. A variable resistor in series was used as a load. Current was directly measured with an A VO meter.
RESULTS
The range of mixtures which ignited in the brass cylinder was from 10% cycloprane/90% oxygen (lean limit) to 28% cyclopropane/72% oxygen (rich limit). Mixtures from 5 to 47070 cyclopropane in oxygen were tested (Table 1) .
For the break ignition, a stoichiometric mixture of 17% cyclopropane in oxygen was used in all tests.
Current used with all three contact combinations is given in Table 2 . Each set of contacts conducted over 8 amps current, but in no instance was the mixture ignited. However, 'Glow plug' ignition of the mixture occurred readily after the break test.
DISCUSSION
The narrower limits of flammability determined by 'glow plug' in the brass cylinder are of interest. Probably they reflect the relatively low energy of the 'glow plug' and the cooling and deactivating effect of the metal in the base of the cylinder. This quenching effect of metal adjacent to the source of ignition has been mentioned already. The ignition temperature for cyclopropane is 495°C. 2 This was certainly exceeded by the white hot glow plug. Inaccuracies of the mixture appear unlikely to account for the narrower range of flammability as all flows used were found to be within 5070 of the nominal value. Thus quenching appears to be the probable explanation for the elevation of the lean limit of flammability from the stated 2.5% to 10% cyclopropane and reduction of the rich limit from 60% to 28%.
Contact breaks simulating a laryngoscope failed to ignite a stoichiometric mixture. This must be considered a severe test as the stoichiometric mixture of 17% cyclopropane in oxygen requires the lowest ignition energy. A stoichiometric mixture is unlikely even within a few inches of a patient under anaesthesia, as air will not only dilute the percentage of cyclopropane but also itself reduce the flammability of the original mixture. Within the current levels used, no difference between the three combinations of electrode contact was found.
Combustible gas mixtures can be ignited by an electrical spark between two electrodes. However, ignition only occurs if the energy of the spark exceeds a limiting value which depends on the gap between the electrodes Maximum currents and voltages used to test ignition. Energy is calculated from the set break speed of 720 mm/sec assuming a spark gap of 0.5 mm. As the interelectrode distance diminishes the quenching effect of the metal electrodes becomes more prominent and thus the energy required to cause ignition increases, and asymptotes to dq, the distance below which quenching effectively prevents ignition at any level of spark energy. As the interelectrode distance increases, the quenching effect diminishes until it is insignificant and there is a distance where a minimum level of spark energy to achieve ignition occurs.
( Figure 3 ). If the gap is small, the electrodes remove most of the heat and ignition does not occur. This is termed the quenching distance. As the gap increases, a minimum ignition energy is found, after which the energy required for ignition gradually increases. A spark produced by two electrodes initially touching and then moving apart must occur over a range of distances which mayor may not exceed the quenching distance. Provided there is sufficient energy, a spark longer than the quenching distance will cause ignition. If the voltage (V) across the contacts during short circuit is the same as that present across the spark and if the current (I) drawn before opening the circuit flows briefly during the spark, then the power in the spark can be estimated from the voltage and current. Spark energy (E) can be calculated for a nominal 0.5 mm spark (d) with the separation velocity (v) of 720 mm/sec, i.e. E=d/vxVI Although this is a rough estimate, no information on spark energies with separating contacts is available. It is of interest however that for a given spark gap, the amount of energy in the spark is inversely related to the speed of withdrawal.
Anaesthesia and Intensive Care, Vol. IX, No. 2, May. 1981 The break sparks failed to ignite a stoichiometric mixture even though voltages up to 5.8 volts and currents as high as 9.2 amps were tried. This is much greater than the power in the ordinary laryngoscope. The maximum energy calculated as 0.036 joules is about thirty thousand times the minimum energy of 0.001 millijoules under optimal conditions. The most likely reason that ignition did not occur is that the 3 mm electrodes effectively quenched the spark. The shape and size of the electrodes might have an important bearing on the ignition ability of the system and the dimensions and shape of the electrodes were deliberately made like those on laryngoscopes to simulate the conditions. Data supporting these results is in Australian Standards AS 1829 1976. 3 The curves of minimum igniting current for break circuits (non-inductive) at various voltages are given for a type 11 B gas mixture which includes cyclopropane in air. At 16 volts a minimum current of 4 amps is required. Extrapolation of the graph to 10 volts suggests a minimum current of about 30 amps would be needed. However the use of oxygen instead of air may substantially reduce the current necessary. CONCLUSION It appears that. even a laryngoscope with external switching is extremely unlikely to ignite a flammable anaesthetic mixture.
